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It may be objected to this explanation that if the 
rate at which the atoms are being transformed is very 
slow, the energy liberated by the transformation of a 
given number of atoms must be very much greater 
than that set free when the same number of atoms 
are concerned in any known chemical combination. 
It must be remembered, however, that the changes 
contemplated on this hypothesis are of a different kind 
from those occurring in ordinary chemical com¬ 
bination. The changes we are considering are changes 
in the configuration of the atom, and it is possible 
that changes of this kind may be accompanied by the 
liberation of very large quantities of energy. Thus, 
taking the atomic weight of radium as 225, if the 
mass of the atom of radium were due to the presence 
in it of a large number of corpuscles, each carrying 
the charge of 3.4 x ro ~ 10 electrostatic units of negative 
electricity, and if this charge of negative elec¬ 
tricity were associated with an equal charge of 
positive, so as to make the atom electrically neutral, 
then if these positive and negative charges were separ¬ 
ated by a distance of 10" 8 cm., the intrinsic energy 
possessed by the atom would be so great that a diminu¬ 
tion of it by 1 per cent. W'ould be able to maintain 
the radiation from radium as measured by Curie for 
30,000 years. 

Another point to be noted is that the radiation from 
a concentrated mass of radium may possibly be very 
much greater than that from the same mass when 
disseminated through a large volume of pitch blende; 
for it is possible that the radiation from one atom may 
tend to put the surrounding atoms in the unstable 
state; if this were so, more atoms would in a given 
time pass from the one state to the other if they were 
placed so as to receive the radiation from their neigh¬ 
bours than if they tvere disseminated through a 
matrix which shielded each radium atom from the 
radiation given out by its neighbours. 

J. J. Thomson. 


ENTROPY. 

The Thermodynamics of Heat Engines. By Sidney A. 
Reeve, Professor of Steam-Engineering at the Wor¬ 
cester Polytechnic Institute (U.S.A.). Pp. xiv + 316 
+ 42. (New York: The Macmillan Company; 
London : Macmillan and Co., Ltd., 1903.) Price 
jos. 6 d. net. 

HIS is a very good specimen of that sort of book 
which is an amplification of the lecture notes of 
a professor who has carefully prepared problems for 
students. We may not always like the way in which 
he introduces the subject to his pupils, and we may 
say that it is unphilosophical and even cryptic, and 
sometimes too brilliant, but such comments are often 
due to the fact that his way happens not to be the usual 
way of presenting the subject. The way of Prof. Reeve 
probably suits his particular class of unscientific pupils 
very well. He uses terms in senses somewhat different 
from those in common use. He is absolutely correct 
in many statements with which we would willingly 
find as much fault as Macaulay did with those of 
Robert Montgomery. For example :— 
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“ The universe is eternal. In the face of its stead¬ 
fast continuity man’s momentary existence and evan¬ 
escent will are as cloud-wreaths against a mountain 
side. ” 

We do not know why it should be thought necessary 
when an engineer is presenting the usual useful appli¬ 
cation of the known laws of thermodynamics that he 
should introduce it in thirty-six pages of this style of 
writing. 

When the author comes to the actual problems which 
may be worked out by a simple aoolication of the /,(£• 
diagram, he is a fairly safe guide to the student, 
although here and there we should have liked him to 
point out on what assumptions he is working. 

Perhaps readers of Nature will allow us to give a 
short description of the way in which even elementary 
engineering students are now able to solve what used 
to be considered very difficult problems. 

We assume that at any instant a pound of stuff is 
all at the same pressure p and temperature t, and that 
it has a volume v. There is some law connecting p, 
v and t so that any two of these three will define the 
state of the stuff. During any infinitely small change 
of state, the stuff gives out mechanical energy or does 
work p.dv if dv is its change of volume; let it receive 
the heat energy dH. Stating all energy in the same 
units, the net gain of energy by the stuff during the 
change is dE = dH — p.dv. This E is called the intrinsic 
energy of the stuff. We assume that there is no other 
kind of energy to be given to or taken from the stuff 
than heat and work. The first law of thermodynamics 
states that, if stuff is carried through a cyclic change 
and is brought back to its original state, the integral 
of dH is equal to the integral of p.dv, and E comes back 
to its original value. The integral of d H is not zero, 
the integral of the work p.dv is not zero, but the 
integral of dE is zero. The gain of intrinsic energy 
in a closed cycle is zero. The second law of thermo¬ 
dynamics is that if we divide dH by t the absolute tem¬ 
perature (on a perfect gas thermometer) of the stuff 
and call dH/t a gain d<p of entropy, then the integral 
of dep in a complete cycle is zero. 

The mathematical statements of the first and second 
laws of thermodynamics are, therefore :—E and (p are 
properties of the stuff which are known if the state of 
the stuff is known. Or, dE and d<p are complete 
differentials. 

Thus in any state of 1 lb. of stuff we know its 
ft , v, t, E and <f>, 

and (except during change from solid to liquid, or 
liquid to vapour, when p and t. are not independent) 
any two of these five enable all the others to be calcu¬ 
lated. Hence, graphically, a diagram showing how 
any two of them alter, is a diagram which completely 
defines the changing stuff. This has been known ever 
since Rankine and Clausius discovered the second law 
of thermodynamics. It is owing to Mr. McFariane 
Gray’s persistency in advocating the use of the cp,t 
diagram in conjunction with the p,v diagram that 
engineering students are able so easily to work prob¬ 
lems, especially in stuff which is in the liquid-vapour 
condition. 

Since work is p.dv, the area of a p,v diagram re- 
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presents the work done in any small or large change 
of state. Since cUh=t.d<f> } the area of a f,<j> diagram 
represents the heat received. If students have the use 
of two blackboards on which they can, without trouble, 
show by the coordinates of a point the p and v or the 
t and 0 of a pound of stuff, the whole thermodynamic 
conditions are known. If the state of a pound of any 
kind of stuff is given in any way, it is good to be able 
quickly to show it by a point either on the p,v or on the 
/,<p diagram. Therefore these blackboards have equi- 
pressure and equi-volume curves permanently marked 
upon them. Thus on a water stuff blackboard a student 
can mark in chalk, without any trouble, such points 
as these — 

(1) A pound of water steam, So per cent, water, io 
per cent, steam at a pressure of So lb. per square 
inch. 

(2) A pound of water steam at 80 lb. per square inch, j 
its volume being 3 cubic feet (the volume of the part 1 
which is water is neglected). 

Or he can quickly work such exercises as these :— 

(3) The stuff of (2) is cooled at constant volume to 
30 lb. per square inch, show how it changes its state; 
find the heat abstracted. 

(4) The stuff of (2) is expanded adiabatically, make 
a table showing its p and v at every instant and draw 
a p,v diagram showing the adiabatic expansion. State 
the dryness of the stuff at each point. 

But why go on? It is evident that with such a 
board, with chalk and a sponge an experimenter can 
work the most interesting problems. He sees at once 
the thermodynamic inefficiency when heat is given to 
boiler feed water; the small thermodynamic efficiency 
of superheating; the wetting effect of expansion of 
dry steam; the drying effect of expansion on very wet 
steam; the heat given and the work done in any change 
of state. 

We have found that this practice with blackboards 
leads to the most exact quantitative and practical know¬ 
ledge of what goes on in heat engines. But the student 
must really state the answers as to heat and work 
exactly, the scales to which energies are represented 
being familiarly known. After a little practice, the 
ghostly quantity entropy gets to be as well known as 
electrical potential now is to experimenters—in 1868 
it was merely a mathematical expression to most 
students, just as entropy now must remain to anybody 
who will not experiment. 

An indicator diagram shows the pressure and the 
travel of the piston, and therefore we may say, the 
volume displaced behind the piston, but we do not call 
it a p,v diagram. Its value in enabling the indicated 
horse-power to be calculated, in telling how the valves 
and passages perform their duties, is, as we know, 
very great. But when we desire to use it in our study 
of the thermodynamics of the engine, we must first 
endeavour from our other measurements to find out 
how much stuff, water-steam or air or other gaseous 
mixture, is undergoing the changes of pressure and 
volume which are recorded. We must also know the 
actual volume of the stuff at every instant, and we get 
this by adding the volume of the clearance. We can 
now draw a p,v diagram, but it is not sufficiently 
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noticed, by students that it is only on certain assump¬ 
tions being made that we can study the p/v diagram* 
for a whole cycle of operations. For example, in a gas 
engine cylinder, we can draw the p,v diagram from 
the beginning of the compression, through the ignition 
and expansion parts until the exhaust valve opens, on 
the assumption that there has been no leakage past 
valves or piston. The p,v diagram of all the rest of 
the cycle is drawn on the assumption that something 
which is really occurring elsewhere is occurring in the 
cylinder itself. We consider that in the hands ol 
elementary students the assumed p,v diagram for all 
other parts of the cycle may be very misleading. Un¬ 
fortunately, it is seldom that one finds an author who 
is careful to explain these assumptions, which, when 
clearly understood, do enable most valuable calcula¬ 
tions to be made. The idea underlying a p,v dia¬ 
gram is that any point shows the p and v of a certain 
quantity, say a pound, of the stuff. That is, it is all 
at a certain p. But during release, part of it is at one 
p and part at another, and during release, therefore, to 
speak of a p,v diagram is absurd. The assumption 
on which we usually proceed is that we shall let the 
area of what we call our p,v diagram represent the 
work done upon the actual piston. 

Again, in a steam engine cylinder we can draw the 
real p,v diagram from cut off to release. All the rest 
of the cycle is drawn on the above assumption as to 
work. In drawing the t,p diagram we assume that the 
stuff is all at the same temperature at any instant and 
every point on this diagram corresponds without am¬ 
biguity with a point on the p,v diagram, but it is on 
the assumption that we do actually know the weight 
of stuff we are dealing with. Given any p,v diagram 
for a given quantity of any kind of stuff, one, and only 
one, 40 diagram can be drawn. The p,v diagram 
shows by its area the work done in every change, the 
other shows the heat given to the stuff in every change j 
the net area of any closed part of the one is equal to 
the net area (taking the same units for heat and work) 
of the corresponding closed part of the other. 

It will be found that every engineer who has pub¬ 
lished speculations based on such diagrams has really 
kept in his recollection the assumptions on which they 
are drawn, but it seems a pity that for the sake of 
elementary students they should not specifically discuss 
these assumptions. 

In refrigerating machines, in gas and oil engines, 
there is probably greater equality of temperature 
throughout the mass of stuff at each instant than there 
is in the water-steam of a steam engine cylinder. The 
state of things inside a steam engine cylinder is very 
complex on this account, but the p,v and diagrams, 
although based upon simple assumptions, really do 
lead us a long way in our study of what happens. 

All engineering calculation is based on simple 
assumptions; the engineer knows that real problems 
are very much more complicated than any such assump¬ 
tions suggest, and that experience and wisdom are 
needed by all men who are going to make use of such 
calculations. There are foolish men and foolish books 
which give students the notion that the simple assump¬ 
tion represents truly the real case, but the true en- 
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gineering student soon emancipates himself from such 
pedantry. The student who does not believe in the 
■worth of any kind of calculation or consideration of 
what is going on in the cylinder is in a permanently 
worse state, however, than even the unemancipated 
pedant. Whether he reaches this position through 
disgust or because he has never made any attempt to 
compute, it may be premised that he is, or is destined to 
be, a child of Gibeon. When he says he is designing 
a new engine, he means that he is copying an old 
engine, introducing changes in detail which may or may 
not be for the worse. Consciousness of his degraded 
condition causes him to inveigh continually against all 
knowledge (or, as he calls it, theory); all power to 
compute beyond that which is possessed by the house¬ 
keeper. To the man who practises the use of the 40 
diagram, exercising his common sense, bringing all 
his other experience to bear, the thermodynamics of 
heat engines is revealed as it can be revealed in no 
other way. What is the p,v adiabatic for any kind 
of wet or dry or superheated steam with any initial 
pressure? How small is the thermodynamic value of 
superheating, and how great is its value in giving a 
dry cylinder? What is the exact benefit of using high 
pressure steam? In what directions are we to work 
in gas and oil engines, distinguishing between effici¬ 
ency as to energy and efficiency as to total money 
values? Compare the commercial values of ammonium 
anhydride and air as the stuff to be used in refriger¬ 
ating machinery. It is really wonderful to see how a 
man almost illiterate, innocent of algebra, can use 
his 40 diagram of water-steam or air or ammonium 
anhydride, obtaining in a few minutes answers to 
problems which the mathematical engineers of twenty 
years ago spent days in solving. We know men who 
pet and fondle their slide rules, but the delight of these 
men is nothing to that of the men who make a daily 
companion of their 40 diagram. 

It is sometimes asked, During a change in which the 
p or t is not the same for the whole of the stuff; we 
can calculate the 0 at the beginning and end, can we 
speak of its value in the intermediate states ? 

Now we know of no practical problem in which 
there is need to speak of 0 in the intermediate states ; 
0, as carefully defined for the whole stuff, has no mean¬ 
ing during the change any more than p or v or t. In 
the case of a perfect gas allowed to expand freely 
without doing work, say, to twice its volume, the 
vessels being non-conducting, a true p,v diagram of 
the change cannot be imagined, and a true 40 diagram 
cannot be imagined. If, however, we are allowed to 
assume, as is usual, that kinetic energy in a gas is 
heat, it is probable that if for every infinitely small 
portion of stuff we find the heat received by it dH at 
the temperature t, then dH/t for this small portion is 
a complete differential, and is its entropy, and the sum 
of all the entropies of all the small portions may be 
called the entropy of the whole stuff at each instant, 
although this is outside the definition. From this 
point of view we may speak of the entropy of the 
whole as changing continuously from the initial to 
the final condition. It was no doubt from this point 
of view that Clausius, in the only place in which he 
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speaks of entropy of a system in which the temperature 
is not the same throughout, said “ the entropy of the 
universe tends to a maximum.” However, it would 
seem that it is dangerous to go outside the actual 
definition in our use of the word entropy for the whole 
of the stuff, and if so we had better say that, as we 
cannot speak of the p or t of the stuff during such a 
change as having any meaning, so we ought not to 
speak of its 0 as having any meaning. Stuff carried 
cyclically through the same series of changes over and 
over again, like water in a steam engine or ammonium 
anhydride in a refrigerator, returns again and again 
to its original 0 ; passes every cycle through the same 
changes of 0. 

Unpractical people, that is, people who dislike exact 
computation, occasionally exhibit annoyance when they 
are told that they cannot understand how to use the 
idea of entropy without a little study. This study may 
be mathematical or experimental, or better, both. If 
a non-mathematical person will accept in faith a few 
statements such as will enable him to perform exact 
computations with a 40 diagram, it is astonishing how 
soon he can understand everything. This is how the 
late Mr. Willans was enabled to effect his great im¬ 
provements in the steam engine. But the unpractical 
person who is not mathematical and refuses to experi¬ 
ment with diagrams makes the assumption that 
entropy is something he already knows about under 
some different name—it is some form of energy or a 
force or a pudding—and he writes great nonsense 
about teachers and writers on thermodynamics. If he 
is not quite ignorant he is more dangerous, for he 
speaks of the entropy of a quantity of heat in a furnace 
of a boiler, and traces the entropy of this heat as it 
passes to the condenser of a steam engine, just as 
we say that two and three are not six, or that the 
world is not flat, so we say that to speak of the entropy 
of a quantity' of heat is to talk nonsense exactly analo¬ 
gous with the volume of a quantity of work. We have 
exactly the same right to speak of the pressure or 
volume of a quantity of heat as of its entropy. We can 
easily speak of the total work obtainable in a perfect 
engine from a quantity of gas at high temperature in 
a furnace. W T e can also see how the energy received 
by it from fuel might have been received in a 
very much better way if it is to be made avail¬ 
able for the doing of work in a perfect engine. 
All such problems are quite familiar to anyone who 
uses the 40 diagram. It is Dr. Diesel’s way of look¬ 
ing at this latter problem which is now so interesting. 
The heating and cooling of stuff must be performed 
by adiabatic compression and expansion. All heat must 
be given to the stuff at the highest temperature; all 
heat taken away at the lowest temperature. Not only 
is this quite clear to users of the 40 diagram, but a 
thing of more importance—the practical need for de¬ 
parture from these perfect thermodynamic conditions 
in actual engines. 

Thermodynamic efficiency is one thing, the efficiency 
of which we speak when we think of the commercial 
cost of large cylinders doing on the whole only a small 
amount of useful work, that is another thing. It is 
an excellent exercise for a physics student to assume 
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that all energy is not equally valuable; thus, in an 
ordinary gas engine cycle, or that of the Diesel engine, 
let him assume that when energy has been given up 
to a crank shaft, and we now expend it In compressing 
the stuff in a pump, that each unit of it is five or ten 
times as valuable as mere heat energy; it is astonish¬ 
ing how much clearer his notions become concerning 
real practical efficiency of an engine. He is getting 
acquainted with the fact that all the problems of the 
engineer are much more complicated than those of the 
physicist or mathematician. John Perry. 


VERTEBRATE MORPHOLOGY. 
Vergleichende Anatomie der Wirbelthiere, mil Beriick- 
sichtigung der Wirbellosen. Von Carl Gegenbaur.' 
Vol. ii. Pp. viii + 696. (Leipzig: Engelmann, 
1901.) Price 20s. 

HE aged master and founder of modern com¬ 
parative anatomy has completed his life’s task, 
and he has retired from the busy world. The results 
of half a century’s active research and incessant 
thought are embodied in his “ Vergleichende 
Anatomie der Wirbelthiere,” of which the second 
volume deals with the alimentary and respiratory, 
vascular and urinogenital organs. The plan of the 
work now needs no further comment ;i it is the same 
as that of the first volume. Short, extremely con¬ 
densed accounts of invertebrate conditions form a 
kind of introduction to each chapter, which then deals 
with the Vertebrata to a very full extent, certainly 
much more fully than any other general and com¬ 
prehensive book. 

On the whole, the present volume is more up-to- 
date. Naturally so, since the bulk of it has been 
written within the last few years, and the author 
was able to dismiss for ever from his mind the vast 
amount of matter embodied in the first volume. The 
whole, stupendous work, about 1500 closely printed 
pages and nearly 1000 text-figures, will give an ever¬ 
lasting impetus to vertebrate morphology. Not only 
is there deposited in it an enormous amount of ana¬ 
tomical descriptive detail, not only is it full of grandly 
conceived ideas, but new lines of further inquiry are 
laid down plainly, with cautioning against lurking 
pitfalls. It contains all the features of a text-book in 
the true sense of the word. It is a guide how to 
study morphology. And still this grand work, 
although hailed with delight on its first appearance, 
is not exactly liked or loved. On the contrary, many 
of its readers are disappointed. Those who expected 
that the book would be a revelation of the whole of 
animal morphology w r ould do well to take to heart 
the author’s repeatedly emphasised confession, “ dass 
wir in den meisten Fragen erst am Anfang der 
Erkenntniss stehen.” We, who know 7 little, de¬ 
mand a final solution, where the master himself, after 
his own dissections and having criticised the conflict¬ 
ing statements of other workers, is satisfied with 
opening out entirely new vistas which widen the 
problem. Examples of this are the chapters dealing 
with the tongue, palate and epiglottis, wherein are 
1 See review of vol. i., Nature, December, 1898. 
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embodied some of the author’s latest original re 
searches. 

But there are several drawbacks which seriously 
detract from the value of the book as a readily 
accessible source of information; it is so difficult to 
understand. Every great writer has his own style, 
and that of our author is involved and heavy; there 
are hundreds of sentences the deep and sound sense 
of which does not reveal itself without much painful 
interpretation. This is felt and frequently admitted 
also in Germany. One of his foremost disciples, how¬ 
ever, has written an indignant protest against this 
charge; the apologist points out that the subject- 
matter itself is difficult, that such a text-book must 
necessarily stand on another level than a novel, and 
that Goethe or Kant are likewise not always easy 
reading, &c. ! Well, there are, and will be, many 
good morphologists and German scholars who will 
misunderstand our author, and that through no fault 
of their own. However serious and annoying, this 
defect of the book is a matter of form. 

A much graver consideration is the following. The 
author begins a chapter with a continuous, needless 
to say logically coherent exposition of the structure, 
modifications, the phyla- and ontogenetic develop¬ 
ment of certain organs, and his own leading view 
appears clear and convincing until, without warning, 
he contradicts himself in what he has laid down pre¬ 
viously, perhaps in some other chapter. Or worse 
still, there follow long passages in small print con¬ 
taining another hypothesis or new 7 facts the merits 
of which are put so forcibly that the reader cannot 
doubt that this must, after all, be the view preferred 
by the author. In many of these cases only one inter¬ 
pretation can be right, but the text goes on as if no 
amendment had been carried. Frequently this up¬ 
setting mode of treatment is obviously due to more 
recent additions or interpolations. Of course, a fair- 
minded author gives every tenable hypothesis, and if 
he then states that the solution is not yet final, no 
more remains to be said. This our author does often, 
even as a rule, but not alw 7 ays, and, therefore, the 
exceptions are all the more jarring. Jurare in verba 
magistri may be a sign of unscientific weakness or 
laziness, but we have a right to learn the views of 
an acknowledged master. 

But let us proceed from generalisations to crucial 
points. 

Origin of Vertebrata .—The transformation of the 
anterior cephalic portion of the alimentary canal into 
a respiratory chamber is predominant in, and typical 
of, the Vertebrata. Resemblances in the formation of 
such a chamber, first and faintly indicated in Cephalo- 
discus, carried further in Enteropneusta and Tuni- 
cata, do not mean near relationship with the Verte¬ 
brata. Direct transitional stages are still unknown, 
perhaps because the creatures concerned have died 
out. Mouth and arms being secondary features in¬ 
dicate that the Vertebrata have a long ancestral 
history. Although Amphioxus resembles Tunicates in 
many respects (respiratory chamber, peribranchial 
cavity, hypophysis, &c.), the metamerism of its body 
is a feature of such importance that it forbids any 
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